
Spektroskopische Untersuchungen
zur Oberflächenchemie

von einkristallinen Eisenoxidfilmen

Dissertation

zur Erlangung des Grades

Doktorin der Naturwissenschaften

am Fachbereich Biologie, Chemie, Pharmazie der

Freien Universität Berlin

vorgelegt von

Yvonne Joseph

Berlin, September 2001



Gutachter:

Prof. Dr. R. Schlögl
Fritz-Haber-Institut

der Max-Planck-Gesellschaft
Abt. Anorganische Chemie

Faradayweg 4-6
14195 Berlin

Prof. Dr. K. Christmann
Freie Universität Berlin

Fachbereich Biologie, Chemie, Pharmazie
Institut für Chemie - Physikalische und Theoretische Chemie

Takustr. 3
14195 Berlin

Disputation: 26. Oktober 2001



The most exciting phrase to hear in science,
the one that heralds new discoveries,

is not:
”
Eureka, I´ve found it!“,

but...

”
That´s funny!“

Isaac Asimov
(science fiction writer, 1920-1992)
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4.3 LEED und STM-Bild einer (111)-Oberfläche des Wüstits . . . . . 32
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4.7 LEED und STM-Bild einer (0001)-Oberfläche des Hämatits . . . 35
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Abstract

Industrially, styrene production is carried out on potassium promoted iron oxide
catalysts from ethylbenzene in the presence of steam. Despite the huge amount
of styrene produced each year for polystyrene applications nearly nothing is known
of the reaction mechanism or the active sites of the catalysts.
In order to elucidate the interaction between the catalyst and the educt and pro-
duct molecules, epitaxial unpromoted and potassium promoted iron oxide model
catalyst films were grown on Pt(111) single crystals. The unpromoted films FeO-
(111), Fe3O4(111) and α-Fe2O3(0001) as well as the potassium promoted films
KxFe22O34(0001) and KFeO2 were prepared. The geometric structure of the sur-
faces were monitored with low energy electron diffaction including spot profile
analysis (SPA-LEED). The chemical composition of the unpromoted films films
were characterized by photoelectron spectroscopy (UPS/XPS) and near edge
X-ray absorption fine structure specstroscopy (NEXAFS). All spectra of Fe3O4-
(111) and α-Fe2O3(0001) agree well with spectra from iron oxide single crystals,
whereas the spectra of the FeO(111) film are slightly different from spectra of
single crystals, because the only two bilayer thick FeO(111) -film could not de-
velop bulk properties. The phase composition and the formation of potassium
promoted model catalysts were, for the first time, investgated in detail with XPS.
The adsorption of ethylbenzene, styrene, and water on the unpromoted films was
also investigated with UPS and NEXAFS techniques. When possible, thermo-
dynamic and kinetic parameters were determined from adsorption isobars. The
adsorption studies reveal the importance of the Lewis acidity of the iron centers
in the near surface region interacting with the Lewis basic adsorbate molecu-
les. This interaction results in a η6 like adsorption geometry of the phenyl ring
of the aromatic molecules on Fe3O4(111) and α-Fe2O3(0001) and dissociation
of water on Fe3O4(111). On FeO(111) the limited influence of the iron center
results only in physisorption. The measured isosteric heats of adsorption are in
good agreement with desorption energies from the literature and they correlate
linearly with the iron-oxygen layer distance in the topmost surface region.
Finally, a reaction mechanism for the ethylbenzene dehydrogenation over unpro-
moted iron oxide catalysts is proposed.
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